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ABSTRACT. p u  
computed is t h e  mean-square v a l u e  o f  f l u c t u a t i o n s  o f  

e l e c t r o n  c o n c e n t r a t i o n  i n  t h e  zones  o f  f o r n a t i o n  o f  u l t r a - s h o r t  

viave r e  il e c t i o n s  d u r i n g  a u r o r a e  . 
The e s t i m a t e  made as a r e s u l t  of e x p e r i m e n t a l  d a t a  a n a l y s i s  

f rom t h e  s t a n d p o i n t  o f  d i f f u s i o n  t h e o r y  1ead.s t o  a b s o l u t e  v a l u e s  of 

f l u c t u a t i o n s  r e a c h i n g  l o5  electron/cm3.  * - 

4 -/ COVER TO COVE;< TI' ZPT5LATION 

The v a l u e  o f  mean-square f l u c t u a t i o n s  o f  e l e c t r o n  concen- 

t r a t i o n  c o n s t i t u t e s  one o f  t h e  c;ost i i i ? o r t a n t  parane ' ie rs  o f  i o n i -  

z a t i o n  zones  a p 9 e a r i n g  n e a r  t h e  a u r o r a  r e - i o n s .  It n ~ 7 -  be  e s t i m a t e d  

t h a n k s  t o  t h e  s c a t t e r i n g  e f € e c t  o f  r ad iowaves  a t  r a d a r  s o u n d i n g  of 

t h e s e  zones .  I n  t h e  g e n e r a l  c a s e ,  t h e  e f i e c t i v e  s c a t t e r i n g  c r o s s -  

s e c t i o n ,  c o i - e s ~ s n d i n g  t o  t h e  u n i t a r y  e1e;:ent o f  me6ium's volume, 

vi11 be deterr .Lned by the  d i r e c t i o n s  o f  wave v e c t o r s  o f  t h e  i n c i d e n t  

and s c a t t c r i n g  n a v e s ,  as ? - e l l  as by t h a t  o f  t h e  o u t e r  r x y n e t i c  Sield 

v e c t o r  i n  tLe  r e g i o n  01 s c a t t e r i n g .  Thus ,  b a s i n ?  o u r s e l v e s  u3on 

t h e  r e n e r a l  p o s t u l z t e s  o f  t h e  t h e o r y  f i r s t  b.L.ou-;lit Io i - th  by Rooker 

a n d  Gordon i n  1950, ai; Cevcloped i n  r e f e r e n c e s  cl - 3 1  f o r  rc r ; ions ,  

e r e  t h e  s t a t i o n a r y  a q 2 n e t i c  f i e l d  coiiponent is ort 'b ioTonal  t o  t h e  



. 

2. 

t o  t h e  wave v e c t o r  of  t h e  pr imary  e n i r s i o n  ( r e p i o n  0 ;  t h e  maxiruc; 

s c a t t b r i n g  i n  t h e  r e v e r s e  d i r e c t i o n ) ,  one may i-ei3resent t h e  e f f e c -  

t i v e  s c a t t e r i n g  c r - s c  s e c t i o n  5g t h e  uni t2r-y medium vo lune  i n  t h e  

f o m  
5 - ;;(A) (AN)', 

- 
where 

t h e  sc,uare of € l u c t u a t i o n  0 2  e l e c t r o n  c o n c e n t r a t i o n .  

i s  t h e  l e n g t h  of  rcciio;;aves; ( A N I 2  is t h e  mean v a l u e  o f  

The e x p r e s s i o n  k(A) d.epends uL3on tl-e form o f  t 3 ; e  c o r r e l a -  

t i o n  f u n c t i o n ,  nl l ich canno t  be d e t e r m i n e d  u n i v e r s a l l y  and q u i t e  

p r e c i s e l y .  That  i s  a h y ,  v:e s h a l l  c o n d u c t ,  as t h i s  i s  o f t e n  done ,  

two p a r a l l e l  e s t i m a t e s  f o r  t h e  c a s e s  01 r e a l i z a t i o n  o f  c o r r e l a t i o n  

f u n c t i o n s  of t h e  t y p e s  

where xi a r e  d i f l c r e n c e  i n  t h e  c o o r d i n z t e s  of t h e  con-pared p o i n t s ;  

Li a r e  cons t an t s . ,  de terrr i ining t h e  d imens ions  of  i o n i z a t i o n  irhomo- 

~ e n e i t i e s  i n  ti;e c i i r e c t i o n  o f  t h e  coorc i ina t e s  x i  [I]; ( t h e s e  con- 

s t a n t s  a r e  d i f l e r e n t  f o r  v a r i o u s  i by t h e  s t r e n y t h  o f  a n i s o t r o p y  

o f  e l e c t r o n  c o n c e n t r n t i o n  d i s t r i b u t i o n ) .  

B a s i n g  o u r s e l v e s  on t h e  r c s u l t s  expounded i n  t 4 ,  51, i t  is  

e a s y  t o  o b t a i n ,  that t h e  e f f e c t i v e  s c a t t e r i n g  c r o s s  s e c t i o n  o f  waves 

31 by one c u b i c  x e t e r  o f  t h e  nedium y e r  s o l i d  a n g l e  u n i t ,  which can  

be  a c h i e v e d  i n  r e a l i t y  i n  t h e  r e v e r s e  and p e r p e n d i c u l a r  d i r e c t i o n  

t o  t h e  s t a t i o r , ? r y  co-.pone t 0 -  t h e  m L ; n e t i c  f i e l d ,  c . i l l  be ec11al t o  

i n  caEe 01 t h e  r e a l i z a t i o n  o f  t h e  first a n d  i n  c z s e  01 t h e  s e c o n d  

o f  t h e  ?'cove- i r , d i c a t e d  c o r i  e l a t i o n  f u n c t i o n c  . 
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I 4(h2 +- 16n27”)’L’; ’ E e r e  Vi + 5- , is t h e  ?%it’c&er f u n c t i o n  ; z 
4 ’ 4 

T and L a re  reL:Tect ively t h e  v d u e s  ol Li f o r  a. p e r p e n d i c u l a r  and 

a p a r d i e 1  d i r e c t i o n F  t o  t h e  m a m e t i c  f i e l d .  As sLovm i n  c h ] ,  t h e y  

n u s t  b e  t a k e n  equCd t o  a b o u t  0 .1 and 50 m e t e r s .  

Inasmuch as i n  t h e  follor;ini.$ we ex,mine t h e  r e f l e c t i o n s  

o r i g i n a t i n g  o n l y  f r o n  t h e  r e s i o n  where t h e y  are most i n t e n s e ,  i. e ,  

r-ihere 6 is  l i t t l e  d i f i e r e n t  f rom i t s  mximum v a l u e ,  t h e  pocrer 

r a t i o  of t h e  r e d v e d  i n  r e v e r s e  ( r e f l e c t e d )  t o  t h e  e i l l i t t ed  s i g n d  

lust be ap? i*oximate ly  e q u a l  t o  t h e  p r o d u c t  o f  t h e  above - in t roduced  

c 

- 
by t h e  s p a c e  volume, 7:hoae s c r t L c r i n g  i s  r e y i s t e -  

1 9 2  
q u a n t i t i e s  6 
rea by t h e  l o c a t o r .  i’he di inensions o f  t h e  g i v e n  volume l e n d  then -  

s e l v e s  p e r f e c t l y  t o  aa e s t i n a t e .  

A s  i s  ne11 knovin, t h e  r a d i r d  t h i c k n e s s  of t h e  volume d e t e r -  

i?ining the  power o f  t h e  s i g n a l  s c a t t e r d  i n  t h e  r e v e r s e  d i r e c t i o n ,  

i s  ct‘c/2,  where f is  t h e , d u r a t i o n  o f  t h e  s o u n d i n g  pulse. 

I n f o r n a t i o n s  about t h e  o t i i e r  two v o l w e  ci inensione s e z r c h e d  

f o r  p r o v i d e  mcasu renen t s  c a r r i e d  o u t  a t  a s e r i e s  o f  r e s e a r c h  s t a t i o n s .  

As f o l l o w s  from E4, 6 3 ,  t h e  diixension p a r a l l e l  t o  t h e  m i r r u t h d  p l a -  

n e  i s  0 2  t h e  o r d e r  o f  200 >in, p r o v i d e d  t h e  ra. i a t i o n  p a t t e r n  of t h e  

u t i l i z e d  a n t e n n a  is s u f f i c i e n t l y  b r o a  d t o  encoupass  t h e  g i v e n  

r e & c n .  

Accorcling t o  E7 - 91, t h e  t h i r d  d i n e n s i o n ,  t:;e t h i c k n e s s  o f  

t h e  b a s i c  l a y e r  of  s g o r a d i c  i o n i z a t i o n  at a u r o r a e ,  i s  a:.~,roxima.tely 

e q u a l  t o  3 k m .  Consequen t ly ,  t h e  r i ap i tu6 . e  o f  t h e  volume o f  t h e  

re;yi.cn -Acre t h e  s c a t t e r e d  e x i s s i o n  o r i g i n a t e s  ‘ a n d  r eec l i e s  t h e  l o c a -  
t o r  at a s p e c i f i c  mooent o f  t i n e ,  i s  e q u a l  t o  a b o u t  3 0 lb 8 TC m 2 . 
The 2 e n s i t y  of t h e  erlergy f l u x  o f  t h e  s c a t i e r e d  e m i s s i o n  a t  t h e  

p o i n t  o f  r a d a r  l oca ’ i ion  w i l l  b e  e q u a l  t o  

aid t h e  poi:!er o f  t i l e  r e c e i v e d  s i g n a  



whence 

where p is  t h e  p o v e r  o f  r a d a r  e ; i is : ion i n  t he  i i lse;  g - t h e  

a i i t enna  m p l i f i c a t i o n  f a c t o r ,  a v e r a g e  f o r  t h e  a n g u l a r  c o o r i i n a t e s  

o €  t h e  p o i n t s  o f  s c a t t e r i n g  vo lune  ; r is t h e  d i s t a n c e  t o  t h e  con- 

s i d e r e d  s c a t t e r i n g  r e  i o n .  

The q u a n t i t y  p l l p  is e a s i l y  de t e rmined  by e x p e r i m e n t a l  

o b s e r v a t i o n  r e s u l t s .  -qccordini; t o  measxi c n e n t s  a t  Hoshchino 

(60°,  2 N,29.6' E ) , i t  mos t ly  o z c l l l a t e s  w i t h i n  t h e  lirxits o f  
F 

f o r  r = 7 105 m, g = 3 0 ,  5 = 10'' s e c . ,  v a l u e s  (I+ 6 )  10- 18 

A =  4m. 
' l " 7 .  L d L i n ~  t h i s  i n t o  a c c o u n t ,  we f i n d  from t h e  e q u a t i o n s  (l), 

(1 a), ( 2 )  

s i t y  f l u c t u a t i o n s  

t h e  rizicnitude o f  t h e  mean-square v a l u e  o f  e l e c t r o n  den- 

1/=- (6+15).104, ' 

-- 1/pq= (4 -:- 10). IO' eljc'vl3 

r c s i 7 e c t i v e l y  f o r  t h e  f i r s t  and second  f o y m  o f  t h e  c o r i - e l e t i b n  

f u n c t i o n .  

L e t  u s  con-pzre t h e  r e s u l t  o b t a i n e d  v&th s o m  o t h e r  e s t i r i a t e s  

a v a . i l a b l e  i n  l i t e r a t u r e .  The most corrylete  d a t a  are i n c l u d e d  i n  t h e  

review [LO], where t h i s  Gues t ion  i s  6 e d t  cith i n  : ; reat  c ' e t a i l .  

As i s  vjel l  known, Booker 1213 cieter:5nc?. (ANllV)z = 10-7- 10-6 ~ 

( n h i c h  f o r  t h e  e l e c t r o n  c o n c e n t r a t i o n  nean  v d u e  he  a 3 r i t t e d  - 
N = 10 6 3  crn corresgond-ed t o  I/(Afi)2-3.10:+10y). :-'lid *:iven qual l ' i i ty  

n l . i c h  was d e r i v e d  a t  a t i ? n s  1 x t e r  r e s u l t i n g  unfouncied , YELS 

e-ci.6'ently u n d e r r a t e d ,  T h i s  foXlo..c.d f o r  i n s t a n c e  f r o n  t h e  work by 

L L I p e r t  [ 2 ] ,  p a b l i s h e d  at about  t h e  s a x e  tii.:e as [l], n h e r e  he ai-ri- - 
v c d  ::.i ( A N / N ) * ' o  f t l ic  orcier o f  10' 4- h a v i n g  i n d e p e n d e n t l y  con- 

ducted.  a sL512.r t h e o r e t i c a l  a n s l y s i s ,  b u t  E:? l i e d  t o  t h e  q u i e t  

i o n o s p h e r e .  i t  is obvious  t h a t  t h e  v a l x e  o b t n i n e d  by i3oolrer n u s t  be 

g rea t e r  r a t h e r  t h a n  sa2i.ler t3an t h a t  o b t a i n e d  by ALL ' i ? e r t .  
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"he l a t e s t  e s t i m a t e  :?=de by i ; i c lLols  Ell], on t l -e  b z s i s  o f  

c k a r a c t e r  Fnve: t i r r a t i a  o f  r ad iouave  a b s o q t i o n  i n  t i d e  i o - i i z a t i o n  

re ; ions  of  a u r o r a e ,  a l s o  l e d  t o  a n o t a b l  g r e a t e r  v a l u e  oT ( A N I N ) ' ,  

l y i n g  r r i t h i n  t h e  l irLits from 1 0 B L ' t o  10  2 h i s  a;-rccs \?:e11 w i t h  

t h e  r e s u l t s  p r e -  e n t e d  h e r e ,  i f ,  accorc , ing  t o  l a t e s t  w x u r e c i e n t s  

I I ~ z ] ,  a v d u e  r r a 3  t 10 e lec t ron /cmJ  i s  tFl.;en f o r  e l e c t r o n  con- 

c e n t r a t i o n  i n  t h e  a u r o r a  rc ; iom ( EaU). That ir nhy ? reTerence  is  

g i v e n  t o  B i c h o l s  e t t i m a t e  f r o n  t h e  s t a n d p o i n t  o f  t h e  p r e , e n t  n o r k ,  

By the  Bukhors o f  r e f e r e n c e  (51, r a t h e r  t h a n  t o  Cooker ' s  e E t i n r t e s  

b a s e d  on t h e  a n a l y s i s  o f  t h e  s c a t t e r i n g  e;€ec-t o f  radioi- .aves .  Zut  

y e n e r a l l y  s ;Je&ing,  t h e r e  a r e  a p p a r e n t l y  no c a u s e s  of  any s o r t ,  

i n s t r u n - n t a l  i n  nok ing  e r r o r s  a t  d e t e r n i n a t i o n  0.: e l e c t r o n  concen- 

t r g t i o n  i n  t h c  i o n i z a t i o n  zones o f  a u r o r a e  by methods o f  d i f f u s i o n  

t h e o r y .  

,i 

7 6 

L e t  us n o t e  t k a t  t h e  acLouii t ing f o r  a a  - n e t i c  f i e l d  f l u c t u -  

i n  t h e  a t i o n s ,  d l s c u e c  cd  i n  d e t a i l  i n  C43, p lays  no d e c i s i v e  yzrt 

above-& c r i b e d  r e e z l t s ,  i n a s z x c h  t h e  r a t i o  o f  e s i r r p t e s  

made x 5 t h  t h i s  a c c o u n t i n g  2nd cr i thout  i t ,  iz of  t h e  o r d e r  of 1.7. 
The a u t h o r  e x p r e z s e s  h i s  t h a n k s  t o  J r .  1:. Eovsheverov and  

V. I .  Tatars!:iy, nliose s e r i e s  of  vKLuc?Je coru,:ents were used. i n  

t k e  p i - e ren t  v;orlr. 

I n s t i t u e  o f  L:tmosFheric 2 h y s i c s  
o f  the USSR Ac.of S c .  

E n t e r e d  on 
25 O c t o b e r  1961 

T r z n s l a t e d  by ANDRE L.  B R I C H A I F  

for t h e  

TTATIONAL -'%?LITI U T I C S  K D  SP;-CL A31~IiJIaT;Z.i.TION 
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